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BACKGROUND OF THE INVENTION tomnf^ssloner of Patents. Was^ngton, DC 20^^ 

1 . Field of the Invention /V^ 

The present invention relates to a surface acoustic wave 
5 device having a quartz substrate, and more particularly, to a 
surface acoustic wave device which is adapted to generate a 
fundamental mode of a leaky surface acoustic wave. 

O 2 . Description of the Related Art 

S3 A surface acoustic wave (SAW) device has been widely used 

as, for example, a bandpass filter in mobile communications 

!L equipment. Generally, a surface acoustic wave device has a 

"J"^ piezoelectric substrate and at least one interdigital transducer 
(IDT) including at least one pair of comb- shaped electrodes 

rS disposed on the piezoelectric substrate. The substrate material 
of the surface acoustic wave device may be a piezoelectric single 
crystal such as LiNb03, LiTa03, or quartz, and piezoelectric 
ceramics such as PZT piezoelectric ceramics. 

In order to achieve wide band characteristics in the 

20 surface acoustic wave device, a piezoelectric material must have 
a large electromechanical coupling coefficient. In some specific 
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applications, the piezoelectric material is further required to 
have a good temperature characteristic, that is, the frequency 
shift of its filter characteristics caused by a change of 
temperature must be small. 
5 Quartz is known as a substrate material having a small 

temperature coefficient of delay (TCD) among the aforementioned 
piezoelectric materials. Therefore, there have been proposed 
various types of surface acoustic wave devices each using a 
quartz substrate. 
I® However, if Rayleigh waves are excited on a quartz 

D substrate, there arises a problem that the electromechanical 

!: 5 S 

f'^ coupling coefficient is undesirably small. For example, the 

^ electromechanical coupling coefficient ks is at most 3.7% when a 

L., quartz substrate having an excellent TCD is used. 

In addition, there arises a problem that the Rayleigh waves 
,ni excited on the quartz substrate have such a small sound SAW that 
the surface acoustic wave device including the quartz substrate 
cannot be used in a high frequency device. Although it is known 
that a leaky surface acoustic wave having a relatively large 
2 0 sound velocity could be excited on a quartz substrate, the amount 
of decay of the leaky surface acoustic wave due to propagation is 
so great that the leaky surface acoustic wave is regarded as 
difficult to use. 
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For the aforementioned reasons, it is very difficult to 
realize a surface acoustic wave device which can operate at high 
frequencies and have a large electromechanical coupling 
coefficient and a small TCD. 
5 For example, Japanese Laid-Open Patent Publication No. 

61-222312 discloses a surface acoustic wave device in which a 
piezoelectric thin film is disposed on a quartz substrate and an 
IDT electrode is disposed on the piezoelectric thin film. This 
Japanese Patent publication discloses that a surface acoustic 
13 wave having an acoustic velocity about 1.7 times as large as that 
O of a normal Rayleigh wave can be achieved by using a ST-cut 
IS quartz substrate and forming an electrode such that the 

propagation direction of the surface acoustic wave is 
1, perpendicular to the x-propagation direction. However, the 
%5 surface acoustic wave that is regarded as available in this prior 
^ art is actually a combination of a surface shimming bulk wave 
(SSBW) and surface transverse wave (STW) which are close in 
frequency. Thus, it is difficult to be used in a surface 
acoustic wave resonator or the like. 
2 0 For the foregoing reasons, there is a need for a surface 

acoustic wave device which has a small TCD and a large 
electromechanical coupling coefficient and is suitable for use at 
high frequencies. 
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SUMMARY OF THE INVENTION 

The preferred embodiments of the present invention solves 
the aforementioned problems experienced in conventional devices. 
According to one preferred embodiment of the present invention, a 
surface acoustic wave device comprises a quartz substrate, a 
piezoelectric thin film disposed on the quartz substrate and an 
interdigital electrode disposed in contact with the piezoelectric 
thin film. The quartz substrate has an angle 0 at the Euler 
angle (0, 0, 9) which is selected such that the quartz substrate 
has a negative temperature coefficient of delay at a 
predetermined propagation direction 0, The piezoelectric thin 
film has a positive temperature coefficient of delay and a 
thickness H which is selected such that a fundamental mode of a 
leaky surface acoustic wave is excited on the quartz substrate, 
and the surface acoustic wave device operates using the 
fundamental mode of the leaky surface acoustic wave. 

A normalized film thickness H/X obtained by dividing the 
thickness H of the piezoelectric thin film by a wavelength X of 
the leaky surface acoustic wave to be excited is preferably 
within the range of about 0.01 to about 0.15. 

The angle <p is preferably in the range of about 119° to 
about 167° and more preferably in the range of 119^ to 138°. 

The propagation direction 9 is preferably in the range of 



about 85° to about 95°. 

The piezoelectric thin film is preferably made of a 
material selected from the group consisting of ZnO, AlN, Ta205, or 
CdS. 

5 The interdigital electrode may be disposed between the 

piezoelectric thin film and the quartz substrate. Further, the 
surface acoustic wave device may include a ground electrode 
disposed on the piezoelectric thin film. 

In the surface acoustic wave device according to the 
IB preferred embodiments of the present invention, a quartz 
O substrate has an angle (f) selected such that a temperature 
coefficient of delay (TCD) becomes a negative value at the 
predetermined propagation direction while a piezoelectric thin 
L film has a positive temperature coefficient of delay. Also, a 
3JI piezoelectric thin film having a positive temperature coefficient 
.fi of delay is provided on the quartz substrate. Therefore, the 
combination of the unique features of the quartz substrate and 
the piezoelectric thin film, including the respective negative 
temperature coefficient of delay and positive temperature 
20 coefficient of delay define a reduced value of TCD, thereby 
forming a composite substrate having a very small TCD. 

Further, the thickness of the piezoelectric thin film is 
adapted to generate a fundamental mode of a leaky surface 
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acoustic wave. Therefore, it is possible to provide a surface 
acoustic wave device that operates at the fundamental mode of a 
leaky surface acoustic wave and has a very small TCD, 

In addition, in the case where a normalized film thickness 
5 of the piezoelectric thin film is set within the above specified 
preferred range, it is possible to form a surface acoustic wave 
device having not only a very small TCD, but a high 
electromechanical coupling coefficient- 

Moreover, since the Euler angle of the quartz substrate is 
IS set at about (0, US'" to 167°, 85° to 95°), it is possible to 
O reliably provide a surface acoustic wave device operating at the 
m fundamental mode of a leaky surface acoustic wave and having a 
f'^] very small temperature coefficient and a large electromechanical 

coupling coefficient, 
%§ For the purpose of illustrating the invention, there is 

shown in the drawings several forms which are presently 
preferred, it being understood, however, that the invention is 
not limited to the precise arrangements and instrumentalities 
shown . 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA is a plan view of a surface acoustic wave device 
according to a preferred embodiment of the present invention; 
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Fig. IB is a cross-sectional view of a main portion of the 
surface acoustic wave device shown in Fig. lA; 

Figs. 2A is a plan view of a surface acoustic wave device 
according to another preferred embodiment of the present 
invention; 

Fig. 2B is a cross-sectional view of a main portion of the 
surface acoustic wave device shown in Fig. 2A; 

Fig. 3A is a plan view of a surface acoustic wave device 
according to still another preferred embodiment of the present 
invention; 

Fig. 3B is a cross-sectional view of a main portion of the 
surface acoustic wave device shown in Fig. 3A; 

Fig. 4 is a graph showing the relationship between a 
normalized film thickness H/X of a ZnO thin film and the SAW 
velocity in the surface acoustic wave device in which the ZnO 
thin film is formed on a quartz substrate with Euler angle (0, 

Fig. 5 is a graph showing the relationship between TCD and 
the cutting angle 0 of the quartz substrate at the Euler angle 
(0, 0, 90°) . 

Fig. 6 shows the relationship between the TCD of the 
surface acoustic wave device having quartz substrate at the Euler 
angle (0, 132°45", 90°) and various normalized thicknesses of 



the ZnO thin film formed on the quartz substrate. 

Fig. 7 is a graph showing the relationship between the 
electromechanical coupling coefficient and the normalized film 
thickness of the ZnO thin film in the surface acoustic wave 
device shown in Figs . lA and IB . 

Fig. 8 a graph showing the relationship between the 
electromechanical coupling coefficient and the normalized film 
thickness of the ZnO thin film in the surface acoustic wave 
device shown in Figs . 2A and 2B . 

Fig. 9 shows the relationship between the TCD in the 
surface acoustic wave device shown in Figs. lA and IB and the 
angle ^ at the Euler angle (0, 0 , 90°) and various normalized 
film thicknesses H/X, 

Fig. 10 is a graph showing the relationship between the 
electromechanical coupling coefficient of the surface acoustic 
wave device shown in Figs . lA and IB and the angle (j) at the Euler 
angle (0, (f) , 90°) and various normalized film thicknesses H/X. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention are 
based on the inventor's discovery that a new surface acoustic 
wave device using a fundamental mode of a leaky surface acoustic 
wave and having excellent characteristics can be constructed if 
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the problems associated with the decay of the leaky surface 
acoustic wave during the propagation are solved. As a result of 
intensive study, the inventor has discovered that the decay of 
the leaky surface acoustic wave during the propagation can be 
suppressed by arranging a piezoelectric thin film on the quartz 
substrate and that the TCD of the quartz substrate with the 
piezoelectric thin film can be made very small or substantially 
zero by using a quartz substrate having a negative TCD and a 
piezoelectric thin film having a positive TCD. 

Hereinafter, the preferred embodiments of the present 
invention are explained in detail with reference to the drawings. 

Figs. lA and IB show a surface acoustic wave device 4 
according to a preferred embodiment of the invention. The 
surface acoustic wave device 4 is a transversal type filter and 
includes a quartz substrate 1, a piezoelectric thin film 3 
disposed thereon and interdigital transducers 2 . The interdigital 
transducers (IDTs) 2 are preferably disposed between the 
piezoelectric thin film 3 and the quartz substrate 1 so that the 
interdigital transducers 2 are in contact with the piezoelectric 
film 3 , Each of the interdigital transducers 2 includes a set of 
comb-shaped electrodes interdigitated with each other. 

The interdigital transducers 2 may by provided on the 
piezoelectric thin film 3. Specifically, as shown in Figs, 2A 



and 2B, in a surface acoustic wave device 5, the piezoelectric 
film 3 is provided on the quartz substrate 1 and the interdigital 
transducers 2 may be disposed on a top surface of the 
piezoelectric thin film 3. 

A surface acoustic wave device 4 according to a preferred 
embodiment of the invention may further include a ground 
electrode. As shown in Figs. 3A and 3B, a surface acoustic wave 
device 7 comprises the quartz substrate 1, the piezoelectric thin 
film 3, the interdigital transducers 2 and a ground electrode 6. 
The ground electrode 6 is preferably provided on the 
piezoelectric thin film 3 so as to cover the interdigital 
transducers 2 provided between the quartz substrate 1 and the 
piezoelectric thin film 3 . 

The piezoelectric thin film used in the surface acoustic 
wave device according to this preferred embodiment of the 
invention is preferably made of ZnO, AlN, Ta205, or CdS . 
According to the inventor's discovery, a ZnO thin film is more 
preferable , 

In the surface acoustic wave devices 4, 5 and 1 , the 
quartz substrate preferably has a angle 0 at the Euler angle 
(0, 0, 9) which is selected so as to impart a negative 
temperature coefficient of delay (TCD) at a predetermined 
propagation direction in which surface acoustic waves propagate, 
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The piezoelectric thin film 3 has a thickness which allows 
excitation of a fundamental mode of a leaky surface acoustic wave 
on the quartz substrate 1, Further, the piezoelectric thin film 
3 has a positive TCD. 
5 In the surface acoustic wave device of this preferred 

embodiment of the invention, a fundamental mode of a leaky- 
surface acoustic wave is a shear horizontal (SH) type surface 
wave having a displacement which is substantially perpendicular 
to the propagating direction of the surface wave and having a 
3|g primary component which is substantially parallel to the surface 
n of the substrate. For utilizing the SH type leaky surface 
\M acoustic wave, it is preferable that the propagation direction 9 
iZ in which SH type leaky surface acoustic wave propagates is within 
'L, the range of about 85° to about 95°. This means that the quartz 
substrate 1 preferably has a Euler angle (0, (j>, 85° - 95°) . 

Fig. 4 is a graph showing the relationship between the 
sound velocity of a surface acoustic wave and a normalized film 
thickness H/X of a ZnO thin film in a surface acoustic wave 
device in which an IDT is disposed on a quartz substrate having a 
20 Euler angle (0, 132°45'', 89°) and the ZnO thin film is further 
located thereon in various thicknesses. The normalized film 
thickness H/X is defined as a value obtained by dividing the 
thickness H(/im) of the piezoelectric thin film by the wavelength 
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X (jum) of the surface acoustic wave to be excited. In Fig. 4, the 
line A represents a fundamental mode of a leaky surface acoustic 
wave and the line B represents a Rayleigh wave. 

As is apparent from the Fig. 4, both a fundamental mode of 
a leaky surface acoustic wave and a Rayleigh wave are excited in 
the surface acoustic wave device, and the fundamental mode of a 
leaky surface acoustic wave having a SAW velocity greater than 
that of a Rayleigh wave can be excited by setting the normalized 
film thickness H/X of the ZnO thin film at required values. 

Therefore, Fig. 4 reveals that the use of the above- 
mentioned quartz substrate makes it possible to excite the 
fundamental mode of the leaky surface acoustic wave having a 
higher SAW velocity than that of the Rayleigh wave. 

It has been confirmed that the fundamental mode of a leaky 
surface acoustic wave is excited in both the ZnO thin film and 
the quartz substrate while the main component of the fundamental 
mode of the leaky surface acoustic wave exists in the ZnO thin 
film. Thus, the ZnO thin film and the quartz substrate act as a 
composite substrate . 

Although not particularly shown in Fig. 4, a Sezawa wave, 
which is a higher mode of the Rayleigh wave, and a higher order 
mode of the leaky surface acoustic wave can be also excited in 
addition to the surface acoustic waves by setting the relative 
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thickness H/X of the ZnO thin film at required values. 

Fig. 5 is a graph showing the relationship between TCD and 
the angle (f) of the quartz substrate at the Euler angle (0, 0, 
90"^) . Fig. 5 shows that the TCD is varied by changing the angle 
(}), and that the TCD has a negative value when the angle (f) is 
within the range of about 123° to about 177^. 

Fig. 6 shows the relationship between the TCD of the above- 
mentioned surface acoustic wave device having a quartz substrate 
at the Euler angle (0, 132^45', 90°) and various normalized 
thicknesses of the ZnO thin film disposed on the quartz 
substrate. In Fig. 6, the line C represents a fundamental mode 
of a leaky surface acoustic wave, the line D represents a 
Rayleigh wave, and the line E represents a higher order mode of 
the leaky surface acoustic wave. 

Fig. 6 reveals that the TCD can become zero by setting the 
normalized film thickness H/X of the ZnO thin film at about 0.05 
when the fundamental mode of the leaky surface acoustic wave is 
used. 

This means that although the TCD of the quartz substrate at 
the Euler angle (0, 132°45', 90°) is negative, a fundamental mode 
of a leaky surface acoustic wave having a higher acoustic 
velocity than a Rayleigh wave is allowed to be excited by 
overlaying a ZnO thin film having a positive TCD, and the TCD can 
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be made about zero. 

Fig. 7 is a graph showing the relationship between the 
electromechanical coupling coefficient and the normalized film 
thickness of the ZnO thin film in the surface acoustic wave 
device 4 shown in Figs. lA and IB, In Fig. 7, the line F 
represents a fundamental mode of a leaky surface acoustic wave, 
and the line G represents a higher order mode of the leaky 
surface acoustic wave. As is understood from Fig. 7, the 
electromechanical coupling coefficient is more than about 0.03 in 
the surface acoustic wave device 4 when the normalized film 
thickness H/X of the ZnO thin film is within the range of about 
0.01 to about 0.15. It is therefore possible to obtain a 
sufficiently large electromechanical coupling coefficient by 
setting the normalized film thickness H/X within the desired 
range. Moreover, in the case where the normalized film thickness 
H/X of the ZnO thin film is set at the value within the range of 
about 0.03 to about 0.08, the electromechanical coupling 
coefficient becomes more than about 0.04. This value cannot be 
obtained by a surface acoustic wave device using a conventional 
quartz substrate and a Rayleigh wave. 

Therefore, when a quartz substrate having the angle 4> and 
the propagation direction 6 which are selected so as to give a 
negative TCD is used as a quartz substrate, a piezoelectric thin 
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film disposed on the quartz substrate is selected to have a 
positive temperature coefficient of delay and the thickness H/X 
of the piezoelectric thin film is within the range of about 0.01 
to about 0,15, it is possible to obtain a surface acoustic wave 
device that has a high electromechanical coupling coefficient and 
a very small TCD. 

Fig. 8 is a graph showing the relationship between the 
electromechanical coupling coef f icient ■ and the normalized film 
thickness of the ZnO thin film in the surface acoustic wave 
device 5 shown in Figs. 2A and 2B. In Fig. 8, the line H 
represents a fundamental mode of a leaky surface acoustic mode, 
the line I represents a Rayleigh wave, and the line J represents 
a higher mode of the leaky surface acoustic wave. The 
characteristics shown in Fig. 6 also result from the use of the 
quartz substrate with the above-mentioned Euler angle. 

Fig. 8 reveals that the electromechanical coupling 
coefficient of the fundamental mode of the leaky surface acoustic 
wave can also be made high by setting the normalized film 
thickness H/X of the ZnO thin film within the range of about 0.01 
to about 0.15 in the surface acoustic wave device 5 shown in 
Figs. 2A and 2B . 

Fig. 9 shows the relationship between the TCD in the 
surface acoustic wave device shown in Figs. lA and IB and the 
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angle <f> at the Euler angle (0, 4>, 90°) and various normalized 
film thicknesses H/X. In Fig. 9, the lines L and M represent 
the cases where H/Xs are set at about 0.032, about 0.044 and 
about 0.009, respectively. 

Fig. 9 reveals that, even if any of the above ZnO thin 
films having the three thicknesses mentioned above is formed, the 
TCD of the surface acoustic wave device is within the range of 0 
± 20ppm/°C by setting the angle <!> within the range of about 119° 
to about 138° and the range of about 162° to about 178^ and 
setting the normalized film thickness H/X of the ZnO thin film at 
the aforementioned value. 

For the aforementioned reasons, it is preferable to use a 
quartz substrate having a Euler angle (0, 119° - 138°, 85° - 95°) 
and (0, 162° - 178°, 85° - 95°) to obtain a surface acoustic wave 
device having an excellent TCD. 

Although Fig. 9 shows the results of the surface acoustic 
wave device shown in Figs. lA and IB, it has been confirmed that 
the TCD is excellent in the surface acoustic wave devices 5 and 7 
shown in Figs. 2A, 2B, 3A and 3B by setting the Euler angle at 
the aforementioned value. 

Fig. 10 is a graph showing the relationship between the 
electromechanical coupling coefficient k of the surface acoustic 
wave device shown in Figs . lA and IB and the angle (f> at the Euler 
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angle (0, <t>, 90°) and various normalized film thicknesses H/X. 

In Fig. 10, the lines N, O and P represent the cases where 
the values of H/X are set at about 0.032, about 0.044 and about 
0.009, respectively. 

As is shown in Fig. 10, it is preferable that an angle 0 is 
selected to have a value within the range of about 119° to about 
167° from the standpoint of improving the electromechanical 
coupling coefficient k. According to further research, it has 
been confirmed that a large electromechanical coupling 
coefficient can be obtained by setting the angle 0 within the 
above specified range in the surface acoustic wave devices 5 and 
7 shown in Fig. 2A, 2B, 3A and 3B. Thus, it has been confirmed 
that the angle 0 is preferably within the range of about 119° to 
about 167° so that the large electromechanical coupling 
coefficient is obtained. 

In view of the foregoing results, it is more preferable 
that the surface acoustic wave device according to the preferred 
embodiments has a quartz substrate with Euler angle (0, 119° - 
138°, 85° - 95°) and the normalized thickness H/X of the 
piezoelectric thin film within the range of about 0.01 to about 
0.15. 

Although the surface acoustic wave device according to the 
preferred embodiments of the present invention is explained as a 
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transversal type filter, the surface acoustic wave device 
according to the present invention may be a resonator or a 
resonator type filter. Moreover, the resonator may be either a 
resonator having grating reflectors or a substrate edge surface 
reflection type resonator. 

While preferred embodiments of the invention have been 
disclosed, various modes of carrying out the principles disclosed 
herein are contemplated as being within the scope of the 
following claims. Therefore, it is understood that the scope of 
the invention is not to be limited except as otherwise set forth 
in the claims. 
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what is claimed is: 



1. A surface acoustic wave device comprising: 
a quartz substrate; 

a piezoelectric thin film disposed on the quartz substrate 
and having a positive temperature coefficient of delay; and 

an interdigital electrode disposed in contact with the 
piezoelectric thin film; wherein 

the quartz substrate has an angle <^ at the Euler angle (0, 
(j>, 9) which is selected such that the quartz substrate has a 
negative temperature coefficient of delay at a predetermined 
propagation direction 9, and the piezoelectric thin film has a 
thickness H which is selected such that a fundamental mode of a 
leaky surface acoustic wave is excited on the quartz substrate 
and the surface acoustic wave device operates using the 
fundamental mode of the leaky surface acoustic wave. 

2. A surface acoustic wave device according to claim 1, 
wherein a normalized film thickness H/X obtained by dividing the 
thickness H of the piezoelectric thin film by a wavelength X of 
the leaky surface acoustic wave to be excited is within a range 
of about 0.01 to about 0.15. 
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3. A surface acoustic wave device according to claim 1, 
wherein the angle 0 is within a range of about 119° to about 
167° . 



4. A surface acoustic wave device according to claim 1, 
wherein the angle (p is within a range of about 119° to about 
138^ 



5. A surface acoustic wave device according to claim 1, 
wherein the propagation direction 0 is in a range of about 85° to 
about 95°. 



6. A surface acoustic wave device according to claim 1, 
wherein the piezoelectric thin film is made of a material 
selected from the group consisting of ZnO, AlN, Ta205, or CdS. 



7. A surface acoustic wave device according to claim 6, 

wherein the piezoelectric thin film is made of ZnO . 



8. A surface acoustic wave device according to claim 1, 
wherein said interdigital electrode is located between the 
piezoelectric thin film and the quartz substrate. 
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9. A surface acoustic wave device according to claim 8, 
further comprising a ground electrode disposed on the 
piezoelectric thin film. 
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ABSTRACT OF THE DISCLOSURE 



A surface acoustic wave device includes a quartz substrate, 
a piezoelectric thin film disposed on the quartz substrate and an 
interdigital electrode in contact with the piezoelectric thin 
film. The quartz substrate has an angle <^ at the Euler angle (0, 
0, 9} which is selected such that the quartz substrate has a 
negative temperature coefficient of delay at a predetermined 
propagation direction 0. The piezoelectric thin film has a 
positive temperature coefficient of delay, a thickness which is 
selected such that a fundamental mode of a leaky surface acoustic 
wave is excited on the quartz substrate, and the surface acoustic 
wave device operates using the fundamental mode of the leaky 
surface acoustic wave. It is preferable that the surface 
acoustic wave device has a quartz substrate with a Euler angle 
(0, 119*" - 138^, 85° - 95*^) and the normalized thickness of the 
piezoelectric thin film within the range of about 0,01 to about 
0.15. 
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I hereby state that I have reviewed and understand the contents of the above identified specification, including 
the claims, as amended by any amendment referred to above. 

1 acknowledge the duty to disclose information which is materia! to patentability as defined in 37 CFR § 1.56, 

I hereby claim foreign priority benefits under 35 U.S.C § 1 19(a)-(d) or § 365(b) of any foreign appiication(s) for 
patent or inventor's certificate, or § 365(a) of any PCT International application which designated at least one 
Qountry other than the United States, listed below and have also identified below any foreign application for 
'f^atent or inventor's certificate, or PCT International application having a filing date before that of the application 
J5n which priority is claimed. 

ff^rior Foreign Application fs) Priority Date Priority Claimed 

Yes No 

JAPAN February 7. 1997 H □ 

(Country) (PCT) (Day /Month A'ear Filed) 

M. hereby claim the benefit under 35 U.S.C. S 11 9(e) of any United States provisional application(s) listed below. 



;j^pplication Number) (Filing Date) 



(Application Number) (Filing Date) 

f hereby claim the benefit under 35 U.S.C. § 120 of any United States applicationfs), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of 
the claims of this apptrcation is not disclosed in the prior United States or PCT International application in the 
manner provided by the first paragraph of 35 U.S»C. § 1 12, I acicnowladge the duty to disclose information 
which is material to patentability as defined in 37 CFR § 1,56 which became available between the filing date of 
the prior application and the national or PCT International filing date of this application. 



(Application Number) (Filing Date) (Status - patented, pending, abandoned) 



(Application Number) (Filing Date) (Status patented, pending, abandoned) 



9-025001 
(Number) 



JPN-13-1998 17:37 



GRfiHPM & JAMES LLP 



212 238 1178 



P. 06/06 



i hereby appoint the following attorneyfs) and/or agentfsl to prosecute this application and to transact all 
business in the Patent and Trademark Office connected therewith: 



i hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willfuf false statements may jeopardize the validity of 
the application or any patent issued thereon. 



ffi^ll name of first inventor (given name, family name) Michio KADQTA 

Renter's signature On^o£nyx^ ^ ^ J Date , >'^. l^"^^ 

iisJdence Kyoto-shi. Kvoto-fu, Japan Citizenship JAPAN 

fist Office Address.c/o Murata Manufacturino Co. Ltd.. 26-10. Teni.n ^-chome. Naaaokakvo-shi, Kvoto^fu Jaoan 



Albert L. Jacobs, Jr, Reg, No, 22,21 1 
Jesse D. Reingold Reg. No. 20,461 
Adam B, Landa Reg. No. 35,236 



Gerard F. DIebner 
Israel Nissenbaum 
Joseph R. Keating 
Philip M. Weiss 



Reg. No. 31,345 
Reg. No. 27,582 
Reg. No. 37,368 
Reg. No. 34,751 



Address ail correspondence to: 



Joseph R. Keating, Esq. 
Intellectual Property Group 
Graham & James LLP 
885 Third Avenue 
New York, New York 10022 
(212) 848-1000 



TOTftL P. 06 



